tients, both adults and children, who had hyperglycemia in the perioperative period after various surgical procedures. 6, 13, 19 Most studies in the pediatric population showing an association between morbidity and hyperglycemia were conducted in children who were the victims of a traumatic brain injury, underwent cardiac surgery, or were critically ill patients in intensive care units (ICUs). 2, 6, 9, 19 Little is known about this association in children with CNS tumors undergoing elective surgical procedures. Therefore, the aim of this study was to assess whether the occurrence of postoperative complications is associated with higher blood glucose levels in the intraoperative and early postoperative periods of elective neurosurgical resections of CNS tumors in pediatric patients.
methods
After obtaining the approval of the medical research ethics committee of the São Rafael Hospital, we retrospectively studied all consecutive pediatric patients who underwent elective CNS tumor resection between January 2005 and December 2010 at the São Rafael Hospital in Salvador, Brazil. Perioperative variables were collected from medical records using a standardized form. The information collected during the preoperative period included the following: sex, age, body weight, associated diseases, corticosteroid use, and fasting glucose level.
All patients underwent arterial catheterization for continuous arterial blood pressure measurement and collection of blood samples. Surgery was performed under general balanced anesthesia with sevoflurane and intermittent doses of opioids and muscle-relaxant drugs. Normal saline was the main maintenance fluid used to provide basal metabolic requirements and replace losses from the surgical field. Fluids with glucose were not routinely given during the intraoperative period except in cases of hypoglycemia. Colloids were not used and blood products were administered according to the discretion of the attending anesthesiologist.
The following information was collected regarding the surgical and anesthetic procedure during the intraoperative period: duration of surgery, use of blood products, and administration of insulin, corticosteroids, or glucose solution. All blood glucose values obtained during the intraoperative period from blood samples that were collected from the vascular accesses (arterial or venous) were recorded and analyzed in an automated blood gas analyzer (ABL 700; Radiometer Medical).
In the immediate postoperative period, all patients were taken to the pediatric ICU where capillary blood glucose levels were measured with digital glucometers (glucose oxidase method) during the first 24 hours. Although there was not a specific protocol for blood glucose collection during the perioperative period at the institution studied, the measurements were usually conducted after an arterial puncture, at the end of surgery during the intraoperative period, on admission to the ICU, and at various times during the first postoperative day. Patients who did not have at least 2 blood glucose measurements during the intraoperative period and 4 blood glucose measurements during the postoperative period were excluded from the analyses. In the ICU the patients remained fasting for at least 8 hours with glucose administration at an infusion rate between 5 and 10 mg/kg/min in the venous fluid replacement solution.
The blood glucose values were subdivided according to the perioperative moment as follows: preoperative baseline values (preoperative laboratory routine), the mean value of all intraoperative blood glucose, the value on admission to the ICU, the mean value of all measurements on the first postoperative day (excluding the value on admission to the ICU), and the peak blood glucose value during the postoperative period (highest value observed on the first postoperative day, with inclusion of the value on ICU admission). In our analysis, hyperglycemia was defined as values of 150 mg/dl or higher, and hypoglycemia was defined as values below 60 mg/dl, according to the threshold values used in other studies. 8, 11, 18 The occurrence of death and complications during the postoperative period was analyzed from the description of the patient's medical progress until hospital discharge. The types of complications were recorded according to predetermined definitions as follows: infection, namely a confirmed or suspected site of infection with antibiotic use; respiratory complications, the occurrence of which was based on the presence of radiological signs of pulmonary edema with a decrease in the PaO 2 /FiO 2 ratio (≤ 300); and neurological complications as follows: coma (persistent reduction of the level of consciousness for more than 48 hours, not attributable to sedation or residual effect of anesthesia, and characterized by incomplete awakening and impossibility of weaning from mechanical ventilation and removal of the orotracheal tube), seizure (episodes registered in the clinical records with or without need for specific medication), neurological deficit (previously absent cognitive, sensory, or motor disorder first observed after waking up from anesthesia or sedation and lasting more than 24 hours), and stroke (tomographic evidence of brain ischemia or bleeding).
Statistical comparisons among the differences of the mean blood glucose values during the perioperative period with the occurrence of postoperative complications and among the differences in the length of admission according to the blood glucose value on the ICU admission were made by using the Mann-Whitney U-test. The effect of the mean blood glucose values during the perioperative period with the occurrence of postoperative complication, which was adjusted for age, comorbidity, duration of surgery, and intraoperative administration of corticosteroid, glucose, and/or blood components, was estimated by odds ratio and corresponding 95% confidence intervals resulting from binary logistic regression. Effects and differences were considered statistically significant if p < 0.05. The statistical analyses were performed using the SPSS version 17.0 software (IBM Corp.).
results
A total of 109 pediatric patients from 1 to 12 years of age underwent elective surgery for the resection of supratentorial and infratentorial CNS tumor during the study period. Four patients were excluded because they had no record of perioperative blood glucose values, according to the adopted exclusion criteria. Of the remaining 105 patients, 58 were male and 47 were female. Their mean age was 8 years and their mean weight was 26 kg ( Table 1) .
The majority of tumors were infratentorial (64%), and astrocytoma was the most frequent histological type observed in our population, followed by medulloblastoma, craniopharyngioma, and ependymoma, as seen in Table 1 .
The surgical procedure had a mean length of 240 minutes, with an intraoperative transfusion of blood products in 18% of the cases (Table 1) . In 11 patients, some type of glucose solution was used during the intraoperative period, and a single patient received intravenous insulin. In most patients (60%), corticosteroid was administered during the intraoperative period at the request of the surgical team (Table 1) .
Associated diseases were found in 12% of cases; however, no patient had a previous diagnosis of diabetes mellitus (Table 1) . Thirty-one patients (29.5%) developed postoperative complications, as shown in Table 2 . Death occurred in 5 patients (4.8%), and the main complication observed was infection, which occurred in 16 patients (15.2%). None of the patients had hypoglycemia or the diagnosis of stroke (Table 2 ).
Only 2 patients had a fasting glucose value ≥ 150 mg/dl during the preoperative period, and 8 exhibited hyperglycemia during the intraoperative period (Table 3) . However, during the postoperative period, 42.8% of subjects were hyperglycemic on admission to the ICU, and 52.4% of the cases had at least 1 value of ≥ 150 mg/dl in the first 24 hours of the postoperative period (Table 3) .
Statistically significant differences were observed in the blood glucose levels between the groups of patients with or without complications for the time of ICU admission and for the peak blood glucose level on the first postoperative day, with higher values in patients in whom at least 1 of the morbidities was evaluated (Table 4 ). Multivariate analysis using the blood glucose levels on the perioperative period demonstrated that only the peak blood glucose level on the first postoperative day was independently associated with a higher odds ratio for postoperative complication when adjusted for age, comorbidity, duration of surgery, and intraoperative administration of corticosteroid, glucose and/or blood components (Table 5 ). Longer periods of hospitalization and longer stays in the ICU were also recorded among individuals who were hyperglycemic (blood glucose level ≥ 150 mg/dl) at the time of ICU admission, as shown in Table 6 .
discussion
We observed that approximately 10% of patients had at least 1 blood glucose reading of 150 mg/dl or higher dur- 17 studied a retrospective cohort of children under 13 years of age who presented with a head trauma and underwent emergency neurosurgery. They found blood glucose levels of 200 mg/ dl or higher in 32% of the patients during the intraoperative period. The greater incidence of hyperglycemia, despite the higher threshold for its diagnosis, was most likely related to an earlier and more intense activation of the metabolic response at the time of the head trauma, compared with an elective procedure.
Approximately half of the individuals in our sample presented with hyperglycemia within the first 24 hours of the postoperative period. In a study of pediatric patients subjected to elective neurosurgery for various reasons, Mekitarian et al. 11 also observed postoperative hyperglycemia (blood glucose level ≥ 150 mg/dl) in 62.6% of the cases. Preissig and Rigby 16 evaluated the occurrence of hyperglycemia (blood glucose level > 140 mg/dl) in children in the ICU and observed that the neurosurgical patients exhibited the highest mean blood glucose level and the highest insulin requirement among all patients, both clinical and surgical.
Postoperative complications in patients who undergo resection of CNS tumors are common, even in elective procedures. Neervoort et al.
14 evaluated a cohort of 121 patients under 18 years of age who underwent brain tumor resection (first surgery) and reported that 69% of patients experienced postoperative complications. The most frequent types included neurological complications (44%), endocrinological disorders (22%), and infectious complications (21%). In our study, 29.5% of patients developed postoperative complications, with infectious and neurological complications being the most frequent.
When comparing the mean blood glucose levels of patients at different times during the perioperative period, we observed higher blood glucose levels on ICU admission and a higher peak blood glucose level in the first 24 hours in individuals who developed postoperative complications. The peak blood glucose level on the first postoperative day was also independently associated with higher odds ratios for these complications. Similar observations were reported by other authors in the pediatric population in various scenarios, such as with head trauma 3,14 and cardiac surgery. 2, 19 Another significant finding in our study was the association between hyperglycemia on admission to the ICU and an increased length of stay in the ICU and hospital. Hirshberg et al. 8 assessed children who were hospitalized in the ICU for over 24 hours and also found an association between the occurrence of hyperglycemia (blood glucose ≥ 150 mg/dl) during hospitalization in the ICU and a longer hospital stay. However, Mekitarian et al. 11 found no association between hyperglycemia during the first 24-hour postoperative period of neurosurgery for various causes and longer ICU and hospital stays.
Several mechanisms have been proposed in the literature to justify the association between hyperglycemia and infection in different clinical and surgical scenarios, such as the reduction of free-radical production and the endothelial adhesion of neutrophils, a release of proinflammatory cytokines, the polymorphonuclear sequestration in peripheral tissues, and the decreased phagocytic ability of monocytes. 1, 5 Acute hyperglycemia also seems to have adverse effects on the CNS through an increased production of lactic acid and free radicals in the glial tissue, increased release of excitatory amino acids, increased intracellular calcium level, and mitochondrial and endothelial dysfunction. 4 Although biologically plausible, in testing the hy- pothesis that hyperglycemia is a causative agent of greater postoperative morbidity, our study, similar to the majority of published studies on the topic, faces the inherent limitations of a retrospective study that does not adequately control for the necessary variables to determine causality between these 2 events.
conclusions
The occurrence of hyperglycemia in the immediate postoperative period for children who underwent elective resection of CNS tumors is common and is associated with an increased risk for postoperative complications and an increased length of stay in the ICU and the hospital. In this study, it was not possible to define whether hyperglycemia is only a severity marker or if it is a causal factor in morbidity. Additional controlled prospective studies with a greater number of patients are needed to answer whether a more rigorous control of perioperative blood glucose levels in children subjected to elective neurosurgery could improve the prognosis of these patients.
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